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Three infants developed greatly accelerated junctional
ectopic tachycardia with a heart rate >200 beats/min
after open heart surgery. When the heart rate exceeded
200 beats/min for 5 hours, all the infants had congestive
heart failure and clinical signs of low cardiac output.
Conventional therapy (cardioversion, lidocaine, vera-
pamil, digoxin and ice to face) has been shown in the
past to be unsuccessful in controlling the heart rate.
Because hypothermia is known to decrease automa-
ticity of the heart, these patients were treated with in-
duced hypothermia. The goal was to arbitrarily decrease
the junctional ectopic rate to < 180beats/min to increase
cardiac filling time. The duration of the junctional ec-
topic tachycardia> 180beats/min ranged from 0.5 to 17
Various arrhythmias may occur in the immediate postop-
erative period after open heart surgery in infants and chil-
dren. Most of the arrhythmias are treatable. However, when
junctional ectopic tachycardia occurs at a rate >200 beats/min,
hypotension, shock and death may ensue (1,2). Treatment
with medication usually has been unsuccessful (2-5) and
cardioversion has no effect. However, the tachycardia will
most often spontaneously resolve if the infant can survive
the postsurgical period.
Methods
Definition and diagnosis. Greatly accelerated junctional
ectopic tachycardia is defined in this presentation as a narrow
QRS tachycardia with a ventricular rate >200 beats/min.
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hours after cooling began. The duration of the hypo-
thermia ranged from 4 to 24 hours. Spontaneous rever-
sion to sinus rhythm occurred either during the hypo-
thermia or shortly thereafter in all three patients. The
blood pressure and urinary output remained stable dur-
ing hypothermia.
Hypothermia is an effective means of controlling the
rate of greatly accelerated junctional ectopic tachycardia
after open heart surgery in infants. Although hypother-
mia does not convert junctional ectopic tachycardia to
sinus rhythm, it slowsthe rate to a more acceptable level,
allowing the infants' survival and eventual recovery of
sinus rhythm.
(J Am Coli Cardiol 1987;10:1095-9)
When atrioventricular (AV) dissociation is present, the sinus
rate is slower than the junctional rate. This rhythm is as-
sumed to be an automatic focus type of supraventricular
tachycardia. Figure I demonstrates some of the features of
this arrhythmia; the upper panel reveals a slightly irregular
narrow QRS tachycardia with a rate of approximately 260
beats/min; P waves are difficult to identify. In the middle
panel, it is again difficult to detect P waves. This patient,
however, had temporary atrial pacing wires, and an atrial
electrocardiogram (ECG) (lower panel), which demon-
strated AV dissociation, was obtained. The atrial rate is 136
beats/min, which is slower than the ventricular rate.
However, junctional ectopic tachycardia may occur with
AV association if I: I retrograde conduction is present. This
may make the diagnosis more difficult, because the differ-
ential diagnosis then includes reentrant forms of supraven-
tricular tachycardia that would respond to overdrive pacing,
AV node blocking maneuvers (both mechanical and phar-
macologic) and cardioversion. Sinus tachycardia with first
degree AV block must also be excluded, because it may
respond to fever control, volume loading or reduction of
adrenergic drug infusion.
Clinical features. We report our experience with three
infants who developed greatly accelerated junctional ectopic
on5-1097187/$3.50
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maticity of the heart, and because of our poor clinical ex-
perience with previous postoperative patients with this
arrhythmia, these patients were treated with induced hy-
pothermia. The goal was to arbitrarily decrease the junc-
tional ectopic rate to <180 beats/min to improve cardiac
output by increasing cardiac filling time. Cooling wasachieved
by using two cooling blankets, one on top and one under-
neath the infant. Esophageal and rectal temperatures were
recorded. Paralysis was not induced. Morphine sulfate
(morphine) , diazepam (Valium), chlorpromazine hydro-
chloride (Thorazine) or chloral hydrate, or combinations ,
were used when needed for sedation.
Figure 1. Patient 3. Greatly accelerated junctional ectopic tachy-
cardia. Upper panel, A narrow QRS tachycardia with a rate of
approximately 260 beats/min is demonstrated; P waves are not
readily identified. Middle panel, Paper speed increased to 50
mrn/s:P waves are still difficult to identify. Lower panel, Atrial
electrogram using temporary epicardial pacing wires reveals atrio-
ventricular dissociation with anatrial rate of 136 beats/min. which
is slower than the ventricular rate of 230 beats/min.
tachycardia after open heart surgery between December 1984
and January 1986(Table I). Their ages ranged from 2 days
to 4 months. Deep hypothermia and circulatory arrest were
used during surgery. The circulatoryarrest time rangedfrom
38 to 78 minutes (mean 60). Hypothermia during surgery,
at the lowest rectal temperature, ranged from 12 to 19°C
(mean 14.6); esophageal temperature ranged from 9 to l3°C
(mean II).
Preoperatively, all infants had sinus rhythm. Immediately
postoperatively, all had sinus rhythm with episodes of ac-
celerated junctional ectopic tachycardia and AV dissocia-
tion. Over a period of time, the junctional ectopic rate in-
creased (Fig. I and 2). The period of greatly accelerated
junctional ectopic tachycardia with a rate period >200
beats/min began 2 to 72 hours after surgery (Table 1). The
maximal junctional ectopic rate ranged from 212 to 253
beats/min. Patient I had a fever (temperature39.1"C) at the
onset of the accelerated tachycardia; the other two patients
were afebrile.
In an attempt to convert or slow the tachycardia before
hypothermia, lidocaine (Xylocaine) and digoxin were given
to Patient I with no effect. Patient 2 received ice to the face
and Patient 3 underwent unsuccessful cardioversion three
times and received ice to the face and digoxin with no
change. Atrial and ventricular pacing were performed and
wouldcapture the atriumor ventricle butonly at ratesgreater
than the tachycardia. The underlying rhythm wasnotchanged.
Induced hypothermia. These infantsall showedclinical
signs of poor cardiac output and peripheral vasoconstriction
after 5 hours of greatly acceleratedjunctional ectopic tachy-
cardia. Because hypothermia is known to decrease auto-
Results
Systemic effects of hypothermia. A graphic represen-
tationof the heart rate, temperature, arterial pH and cooling
is presented in Figure 3. The lowest rectal temperature
achieved rangedfrom31.1 to 34.4°C(Table I). The duration
of cooling was4 to 24 hours (mean 11.7). The time required
to lower the heart rate to < 180 beats/min was 0.5 to 17
hours (mean 6.3). All patients developed a metabolic aci-
dosis while being cooled. Patient 3 developed a combined
metabolic and respiratory acidosis when cooled to 32.7°C.
Blood pressure and urinary output remained stable during
hypothermia. Cardiac output was not measured. No short-
term adverse effects were noted.
Effect on EeG. Anexampleof theeffectof hypothermia
on the ECG in Patient 2 is shown in Figure 4. In panel A,
at a rectal temperature of 33.3°C, the junctional ectopic
tachycardia has slowedto an irregular rate of 144beats/min.
In panel B, the irregular rate has slowed to 108 beats/min.
On rewarming (panel C), P waves can be seen after the
QRS complex compatible with I:I retrograde conduction
with a regular junctional rate of 120 beats/min. When the
infant became normothermic (panel D), sinus rhythm was
present at a rate of 120 beats/min. Figure 5 is an atrial
electrogram taken at approximately the same time as panel
B in Figure4. An atrial rate of 113beats/minwith a variable
junctional rate of 133 to 144 beats/min and occasional con-
ducting P waves are demonstrated.
Spontaneous reversion to sinus rhythm eventually oc-
curred in all three infants. In Patients 2 and 3 it occurred 4
hours and 9 hours, respectively, after the end of cooling.
Patient I, however, continued to have junctional ectopic
tachycardia and it was decided 7 hours after the onset of
cooling to pace sequentially the atrium and ventricle at 160
beats/min to obtain AV synchrony. The junctional ectopic
rate at that time was < 155beats/min. The patient continued
to have junctional ectopic tachycardia with a rate < 160
beats/min for 4 days until sinus rhythm eventually returned
and the pacing was discontinued .
Follow-up. All three patients continue to have sinus
rhythm. They have been followed up from 15 months to 29
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Figure 2. Greatly accelerated junctional ectopic tachycardia. Up-
per panel (patient 2), Demonstrating a variable ventricular rate
of 214 to 300 beats/min with an atrial rate of 200 beats/min and
atrioventricular (AV) dissociation. Lower panel (Patient I), Dem-
onstrating a ventricular rate of 200 beats/min with an atrial rate
of 158 beats/min and AV dissociation.
months after treatment and no adverse effects have been
detected, Ambulatory 24 hour continuous ECG recordings
were normal.
Comparison with three conventionally treated pa-
tients. Before the introduction of hypothermic therapy. three
patients with postsurgical accelerated junctional ectopic
tachycardia were treated with conventional measures. Their
ages ranged from 4 to 15 months. Cardioversion, when
attempted. was unsuccessful as was treatment with ice to
face. lidocaine. verapamil, propranolol and digoxin. Atrial
or ventricular pacing would capture the respective chamber
but only at rates faster than the intrinsic junctional rate.
Burst atrial or ventricular pacing did not convert the tachy-
cardia to sinus rhythm.
These three infants showed signs of poor cardiac output
and peripheral vasoconstriction . One patient died 10 hours
after the onset of junctional tachycardia and two patients
survived but maintained a rate > 200 beats/min for 40 and
72 hours, respectively. During this period. both were in a
low cardiac output state,
Discussion
The cause of junctional ectopic tachycardia after open
heart surgery is unknown, but it is thought to be secondary
to trauma or inadequate protection in an area around the
AV nodeduring surgery (2,6,7). Because junctional ectopic
tachycardia is assumed to be an automatic type of supra-
ventricular tachycardia, controlling the rate or converting
the abnormal rhythm to sinus rhythm has been difficult.
Cardioversion is unsuccessful and use of conventional med-
ications has been associated with poor results. The use of
propafenone in controllingthe greatly acceleratedjunctional
ectopic tachycardia rate in four infants after open heart sur-
gery has been reported (8). However. propafenone has a
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Figure 4. Patient 2. Effects of hypothermia on junctional ectopic
tachycardia. A, At 5 AM, temperature was 33.3°C rectally. A
junctional rhythm is shown with an irregular ventricular rate of
144 beats/min. B, An irregular ventricular rhythm with a rate of
108 beats/min. C, Regular junctional rhythm with a rate of 120
beats/min; P waves follow each QRS. D, Sinus rhythm with a rate
of 120 beats/min is present after rewarming.
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Figure 3. Greatly accelerated junctional ectopic tachycardia in
three infants. Effects of hypothermia on heart rate, rectal temper-
ature and pH. Top panel, Patient I; middle panel, Patient 2;
lower panel, Patient 3.
operative greatly accelerated junctional ectopic tachycardia
because of the transient nature of the arrhythmia.
Role of hypothermia. Hypothermia producing sinus
bradycardia has been reported as early as 1912 (10). This
slowing of heart rate is secondary to depression of auto-
maticity (II). Because greatly accelerated junctional ectopic
tachycardia is thought to be an automatic type of supraven-
tricular tachycardia, it may also respond to hypothermia by
slowing. A surgeon in Tucson originated this concept and
A. Garson, Houston, Texas, encouraged it (personal com-
munication). In our experience, congestive heart failure be-
gan occurring when the junctional ectopic rate exceeded 200
beats/min. All of our infants had overt failure by 5 hours
after the onset of greatly accelerated junctional ectopic
tachycardia. Controlled hypothermia was used to decrease
the tachycardia rate to < 180 beats/min, which would allow
for increased diastolic filling time resulting in improvement
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definite negative inotropic effect and further clinical trials
are needed to establish its role in the management of junc-
tional ectopic tachycardia.
Paired ventricular pacing as suggested by Waldo et al.
in 1976 (I) might be helpful, but their results have not been
duplicated on a regular basis. We did not attempt paired
ventricular pacing in these infants. Cryoablation or surgical
ablation is also possible (9) but should be avoided in post-
Figure 5. Patient 2. Atrial electrogram taken at approximately the
same time as Panel B in Figure 4 at twice the paper speed. The
atrial rate is 113 beats/min with a variable junctional rate of 133
to 143 beats/min and occasionally conducted P waves.
50 mm/sec;J ern/mV
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of cardiac output. Once a stable heart rate < 180 beats/min
was achieved, the patient was allowed to rewarm.
ECG diagnosis. It is imperative that the diagnosis of
junctional ectopic tachycardia be made correctly. With a
narrow QRS tachycardia >200 beats/min with AV disso-
ciation, the diagnosis of greatly accelerated junctional ec-
topic tachycardia is fairly simple. However, if AV associ-
ation is present and junctional ectopic tachycardia is not
definitely established, cardioversion and possible medical
management should first be attempted. If the P waves are
not readily identifiable, we found the atrial electrogram to
be extremely helpful. An esophageal atrial electrogram would
also be helpful to demonstrate P waves in patients who did
not have temporary atrial pacing wires.
Possible side effects of hypothermia. Hypothermia in
itself can induce cardiac arrhythmias, including asystole,
during both the cooling and rewarming periods (12). None
of our patients had problems with cardiac rhythm during
induction of hypothermia or rewarming. However, we did
induce a metabolic acidosis during the hypothermia. More-
over, it also became difficult to follow the status of these
infants clinically because they all exhibited peripheral va-
soconstriction during the period of induced hypothermia.
Shivering was not a problem, but agitation required inter-
mittent sedation. Nevertheless, the condition of all three
patients improved and sinus rhythm eventually returned.
Conclusions. Hypothermia is an effective means of con-
trolling the rate of greatly accelerated junctional ectopic
tachycardia after open heart surgery in infants. Though hy-
pothermia does not convert junctional ectopic tachycardia
to sinus rhythm, it slows the rate to a more acceptable level,
allowing the survival of the infant and eventual recovery to
sinus rhythm.
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